Psychiatric patients who required electroconvulsive therapy (e.c.L) for treatment were anaesthetized with intravenous sodium thiopentone together with suxamethonium for muscle relaxation. After e.c.t. those patients who exhibited muscle twitching associated with e.c.t. had a briefer period of apnoea than those who did not. A second electrical stimulus (subconvulsive) at this stage decreased the period of apnoea.
Psychiatric patients undergoing electroconvulsive therapy were anaesthetized with sodium thiopentone followed by suxamethonium to produce muscular relaxation. It was observed that these patients varied in their overt response to the electroconvulsive therapy (e.c.t.). Some patients showed muscular twitching in response to e.c.t. and in these the period of apnoea was brief whereas in those who showed little or no obvious signs of muscular activity the period of apnoea was prolonged and as a result a longer period of intermittent positive pressure respiration was required. In addition, it was noted that during the routine e.c.t. a second electrical stimulus during the period of apnoea decreased the duration of apnoea.
These observations prompted a more detailed study of the effects of further periods of electrical stimulation on the duration of suxamethonium apnoea, and this paper describes the results obtained.
METHODS
Observations were made on 20 patients (11 males and 9 females) in good physical health and whose ages ranged from 20 to 40 years. Each patient received 5 ml of 5% sodium thiopentone togedier with atropine sulphate 1.5 mg intravenously, and mis was followed immediately by an intravenous injection of suxamethonium 50 mg, irrespective of body weight. In all cases, apnoea (complete cessation of spontaneous breathing) began within 25 sec following injection of suxamethonium (Kalow and Gunn, 1957) . The lungs were inflated with oxygen, five times over a period of 20 sec, and then e.c.t. (110 V for 0.5 sec at 50 Hz) was applied via bill S. SUBRAHMANYAM, Department of Psychiatry, St. John's Medical College, Bangalore, India. temporal surface electrodes. When control observations were being made, no further electrical stimulation was applied and intermittent positive pressure ventilation (16/min) was applied until spontaneous breathing recommenced. The voltage was checked during each e.c.t.
When the effects of further electrical stimulation were to be studied, oxygen was administered for only 1 min after the first e.c.t. If apnoea was still present, subconvulsive stimulation, increasing from 0 to 50 V over a period of 2 sec was applied through the same electrodes. The voltage was increased from 0 to 50 V using the ectonus principle. This is a smooth and continuous change from 0 to 50 V using a Variac device. If spontaneous breathing did not commence the lungs were inflated five times with oxygen (16/min) and a second similar subconvulsive stimulus was applied. This procedure was repeated until spontaneous breathing, as judged by movements of the breathing bag, commenced. The total duration of apnoea was noted in each case.
Each patient served as his own control, and each was submitted to at least 10 observations on different occasions. Full e.c.t. (110 V for 0.5 sec) was applied once on all occasions, then alternately, the same patient was or was not submitted to subsequent subconvulsive stimulation. The control situation was not different from the test situation because during both conditions the ventilation was not continuous. The test situation was to repeat the control procedure of oxygen administration for 20 sec followed by e.c.L and then IPPV for 1 min with observation for 5 sec to see whether or not breathing had commenced. If not, a subconvulsive stimulation for 2 sec was given and the whole process was repeated. In the control situation if breathing had not commenced after the 5-sec observation period we continued IPPV. The 2-sec period for the stimulation in the test group was a period of no treatment in the control group. The possibility that the Pa^ could increase and aid reversal of the depolarizing action of the suxamethonium seems unlikely in the short period of absent ventilation.
The drugs used were sodium thiopentone (Intraval Sodium, May & Baker), suxamethonium chloride (Scoline, Glaxo) and atropine sulphate (Bellafoline, Sandoz). The e.c.t. machine used was the "Electrocon" Mk m (Associated Electronic Engineers, Bangalore). Table I gives details of the patients with regard to age, sex and body weight, and the results obtained are summarized in table I and in figure 1.
RESULTS
The number of periods of subconvulsive stimulation applied before spontaneous breathing recommenced varied from 1 to 9 in different individuals on different occasions. This treatment produced a highly significant (P<0.005) decrease in the period of apnoea in 18 out of 20 patients. In the 2 patients in whom the decrease in the period of apnoea was very small and not statistically significant (patients 13 and 16; figure 1), the period of apnoea was in any case relatively brief and was of shorter duration than that in any of the other patients. The subsequent periods of subconvulsive stimulation were without harmful side effects such as early wakefulness. postconvulsive restlessness or confusion, and, apart from the reduction in the duration of apnoea, no differences from the controls were observed.
DISCUSSION
The results demonstrate that subconvulsive electrical stimulation applied bilaterally using bitemporal surface electrodes significantly reduces the period of apnoea produced by suxamethonium in patients anaesthetized with thiopentone.
Thiopentone is a respiratory depressant, but, in unpublished studies by this author on patients to whom suxamethonium was not administered, thiopentone in the doses used in the present study had a minimal effect on the rate and depth of breathing; the period of apnoea did not exceed 45 sec in any one patient and e.c.t. did not influence the rate of breathing in these patients. Therefore, it is likely that the effect of subconvulsive stimulation in reducing the duration of apnoea is due solely to some influence exerted on the action of suxamethonium. Further experiments in animals are being conducted in an attempt to elucidate the interaction more completely.
Suxamethonium is believed not to penetrate the blood-brain barrier (Paton, 1959; Smith et al., 1947; Eccles, Ecdes and Fatt, 1956 ) and its effects are generally considered to be confined to the neuromuscular junction. Assuming that the action of electrical stimulation is upon the peripheral neuromuscular blocking action of suxamethonium, it is interesting to speculate on the mechanism involved. The neuronal responses to electrical stimulation applied to higher centres are presumably conducted along the upper and lower motor neurones with the result that the neuromuscular junction is subjected to a tetanus. Tetanic stimula-tion applied to motor nerves facilitates transmitter release in response to subsequent nerve impulses (Liley, 1956) , diis effect being responsible, for example, for post-tetanic facilitation; and e.c.t. has in fact been shown to shorten the duration of action of tubocurarine (Scurr, 1949) . However, suxamethonium is a depolarizing drug and a tetanus does not antagonize a block that is solely the result of end-plate depolarization (Paton and Zaimis, 1951) . There is controversy about the nature of the block produced by suxamethonium in man. According to White (1953) the block is entirely the result of depolarization, whereas de Jong and Freund (1967) believe it to be entirely nondepolarizing in nature. Others have described a change from a depolarizing to a non-depolarizing phase in all or in some patients depending upon the dose and the method of administration (Foldes et al., 1957; Churchill-Davidson, Christie and Wise, 1960; Katz, Wolf and Papper, 1963; Crul et al., 1966; Walts and Dillon, 1967; Katz and Ryan, 1969) . It is not dear whether the non-depolarizing phase is the result of competition for postjunctional receptors, or of a prejunctional action through which transmitter release is impaired, or both. Evidence for a prejunctional action that impairs transmitter release was provided by Edwards and Ikeda (1962) and Freeman (1968a and b) . In any case facilitation of transmission after a tetanus would antagonize a non-depolarization block whether it were pre-or postjunctional in origin. It seems most probable that an effect of this type is responsible for the antagonism of suxamethonium apnoea described in the present paper, and the results therefore provide indirect evidence that, under conditions of these studies, the block produced by suxamethonium in the respiratory muscles enters a non-depolarizing phase.
The practical application of the results may be that subconvulsive bitemporal electrical stimulation might provide an additional means of restoring spontaneous breathing in cases of prolonged apnoea produced by suxamethonium.
